Introduction
The intolerable contact of skin tissues with thermal sources in sufficient time may induce the thermal burn wounds. Burn wounds are among the preventable traumas that have a high risk of incidence in developing countries (1) . Dermatologists classify the cutaneous burn wounds with respect to the depth of skin lesions into one-, second-and third-degree levels. In the second-and third-degree burn wounds that involve both epidermis and dermis injuries, the healing process is usually a long-term one. Because in skin lesions it loses part of its barrier function, the wound area is vulnerable to the entrance of pathogenic agents that may cause the local infection of the wounds and even the sepsis of injured persons. Although there are currently various drugs and methods for treatment of the wounds, because of the limitations and defects of such treatments (2, 3) , scientists still showing great interests for finding new routes for burn management that in addition to prevention of burn wound infection, have the ability to accelerate the healing process. A nearly new context for treatment of skin diseases and problems that have recently attracted the attention of researchers is the application of probiotic organisms. One of the most accepted definition for probiotics is that they are microorganisms, especially the bacteria that if consumed in sufficient quantities by the host, may have beneficial effects on their hosts other than their probable nutritional properties (4) . Moreover, the long history of probiotic use by the human in dairy products and their rare side-effects indicates their safety (5) . One group of probiotic bacteria that have long been used in the dairy products and treatment of skin diseases are lactic acid bacteria (LAB). The functions and properties of probiotic bacteria are very specific; therefore, it is said that they have species or even strain-dependent effects (6, 7) . Previous studies on the effects of topical treatment of wounds with some strains of lactic acid bacteria on the healing process have shown some promising results (8) (9) (10) (11) . L. rhamnosus (ATCC 7469) is among the lactic acid bacteria that its application is in the trial stage. The role of the strain of bacteria in the modulation of the immune system has been shown in some previous research. Moreover, Sambantha Moorthy showed that some products of the strain of L. rhamnosus have antibacterial and antibiofilm potential against the pathogenic bacteria that may infect wounds (12) . Moreover, some previous studies indicate that L. rhamnosus GG accelerates the healing of gastric ulcer in rats and protects the integrity of the gastric mucosal barrier against nonsteroidal anti-inflammatory drugs (13) (14) . In addition to these effects, L. rhamnosus (ATCC 7469) has modulatory effects on the immune system (15) . Considering the above and because of specificity of probiotics effects that depend on species or even the strains that are used (6, 7) , the aim of current study was to evaluate the topical application of L. rhamnosus (ATCC 7469) on the healing of second-degree burn wound in male Wistar rats.
Materials and methods
Animals: In the current study, 60 male Wistar rats were used. The naive animals (weighing between 220-250g) obtained from pastor institute, Tehran, Iran and housed in a standard animal room with 12/12 h light-dark cycle and temperature about 22° C. There were a ten days' interval until the beginning of the experiments for adaptation of the animals to the new conditions. All the animals had access to food and water, and libitum, before and during the experiments. Microorganisms: The probiotic bacteria that were used in the experiments were L. rhamnosus (ATCC 7469) that were received from the Persian Type Culture Collection (PTTC) of Iranian research organization for science and technology. The bacterium was cultured anaerobically, for one day, at 37°C in the liquid MRS medium. After that, the medium containing bacteria, centrifuged for 20 min at 12000 rpm. Then, the obtained precipitant was washed two times with phosphate buffer. The fresh bacteria that were obtained in this method were used for the preparation of an ointment that contained 10 10 to 10 11 CFU/ml of freshly cultured bacteria in 4 ml of Eucerin. The ointment immediately used for treatment of the wound areas on the back of the rats. The animals of experimental groups received 0.8 ml of the mixture per rat.
Second-degree burn wound induction:
All the animal experiments were conducted under the supervision of a local bioethics committee at the University of Maragheh. The method of burn wound induction was similar to the Dos Santos Tavares Pereira et al. with little modifications (16) . In this protocol, initially, the rats received an anesthetic cocktail of xylazine (10 mg/ kg) and ketamine (90 mg/ kg), intraperitoneally and the hairs of their dorsum around the area between the forelimbs were removed with a clipper. Then the area was antisepticised and a solid aluminum bar with a diameter of 10 mm (temperature about 100°) was contacted with the area for 15 seconds. After the induction of wounds, to reduce the pain of animals, all the rats received buprenorphine that has long analgesic effects in the rodents. Finally, each rat was placed in separate polycarbonate cages for the next steps of the experiments. The day of burn wound induction considered as day 0 of the experiments. Experimental design: In the current study, the rats were randomly assigned to different negative control, vehicle control and experimental groups. Each group was further subdivided into four subgroups of five rats. In negative control subgroups, the rats received no treatment until the days of their euthanization in days of 1, 3, 7 and 14 post-burn. The rats in the vehicle control and the experimental groups received Eucerin as vehicle and a mixture of bacteria in Eucerin, respectively. In the experimental and the vehicle control groups, the rats of different subgroups received a daily treatment for 1, 3, 7, and 14 days after the burn induction. Evaluation of wound healing: Macroscopic evaluation of wound healing was conducted with the calculation of wound healing percent. For this purpose, first, the periphery of the wounds in days 1, 3, 7, and 14 post-burn was depicted on a nylon sheet. Then, from a fixed distance, the images were photographed with a digital camera. In the next step, using the pictures of the wounds peripheries, the wounds surface area was measured by Digimizer software. For each rat, the percent of wound healing in different days was calculated. For microscopic assessment of the wound healing, the skin samples of the wound area in 1st, 3th, 7th and 14th days of experiments were harvested for preparation of tissue slices as follow: First, the tissue processing of the samples was conducted and the resulting specimens were embedded in paraffin for preparation of paraffin blocks of the tissue samples. Then, the blocks were cut into the sections with the thickness of 5 micrometers. After all, the sections were stained using the Hematoxylin-Eosin method. The stained tissue sections were studied for the finding the rate of the inflammatory response, fibroblasts migration, granulation tissue formation, and epithelialization in each tissue section. For this, a histologist, blind to the experiment conditions analyzed 5 different visual fields on each slide and the mean score of each evaluated parameter on the visual fields scored as follows: (-=absence), (+=mild presence), (++=moderate presence) and (+++= strong presence). On each tissue slice, the presence of polymorphonuclear leukocytes (PNM) indicated the inflammatory response, the presence of fibroblasts, myofibroblasts, and neovascularization indicated the granular tissue formation, the density of fibroblasts indicated the fibroblast migration and the proliferation of squamous cells and keratinization indicated the Epithelization.
Statistical analysis
SPSS software was used for the analysis of all quantitative data. For comparison of the means, factorial ANOVA method was used and if the results were significant, LSD post hoc would be conducted. The results were expressed as mean± SEM. If P<0.05 then the differences were considered significant. 
Results
Macroscopic results: Comparison of the wound healing percent in different days showed that the experimental group, only in the day 7 post-burn, had a significantly higher percent of wound healing than the control ones.
Moreover, in all experimental, vehicle control and negative control gropes, in the day 3 of the experiments, there was an increase in the wound area compared to the first day of the experiments, in other words, the percent of wound healing was negative in all groups. After the 3th day of the experiments, the process of wound healing became positive for all groups (Figure1).
Figure1. In the 7th day of the experiments, the wound healing percent in experimental groups was significantly higher than both negative controls (P<0.01) and vehicle control (P<0.001) groups. ** indicates P<0.01 and *** indicates P<0.001.
Histological Results: Analyzing the tissue sections showed that the inflammatory response until the day 3 post-burn was high in all groups. Then, in all groups, the response decreased in the next days of the experiments. So, the most decrease in the inflammatory response was observed in the experimental group compared to the control ones. Among all groups, the most intense inflammatory response was observed in the vehicle control group. Evaluation of fibroblast migration showed that experimental group on day 7 of the experiments had the highest rate of fibroblast migration. On the other hand, there was a steady increase in the granulation tissue formation and reepithelialization from days 3 to 14 of the experiments in all groups. Moreover, on day 14 post-burn, both negative control and experimental groups had the highest granulation tissue formation compared to the vehicle control group. Moreover, the formation of epithelial tissue in the experimental group was the highest compared to the control ones especially in the days 7 and 14 post-injury (Table 1) . Figures 2-5 shows the tissue changes in 1st, 3th, 7th and 14th days of the experiments in the experimental and control groups. 
Discussion
Wound healing is a coordinated process that has three overlapping steps including; inflammatory, proliferative and remodeling phases (17) . The first step, inflammatory phase, is needed for combating with the pathogens that penetrating through wound area. The decrease in inflammation of the wound area indicates the success of the immune system against the pathogens and signals the initiation of the next phase i.e. proliferative phase. Therefore, Prolongation of the stage indicates that there is still a battle between pathogens and immune cells in the wound area, so the overall process of wound healing may take more time. In day 3 of the experiments, the inflammatory response in all the groups was very high; therefore, none of the groups not only did showed any healing but also had negative healing, namely the wound area increased compared to the day 1. The increase in the wound area on day 3 can also be ascribed to skin muscle tension around the wound area. As we saw from the results section, in the experimental group, the percent of wound healing, on day 7 post-burn was significantly higher than control ones. As it was shown in table 1, in the experimental group the density of the granulation tissue and the reepithelialization on the day 7 were high. As we know, the process of reepithelialization and the contraction of the myofibroblasts have an important role in acute wounds closures; therefore, on the day 7, the experimental group had the highest percent of wound healing in comparison to control groups. Moreover, on the day 7, while the inflammatory response in the experimental group was very low, the response was still relatively high in the control ones. Therefore, it can be deduced that the prolongation of the inflammatory response in the control groups is another reason for the retard in the healing process and the less percent of wound healing in the groups, on day 7. As we saw, on day 14 of the experiments, the experimental group, with respect to wound healing, had no advantage to control groups. Table 1 shows that the process of the re-epithelialization in the experimental group is higher than the control ones on the days 7 and 14 of the experiments. Moreover, the density of myofibroblasts in experimental group was high in the day 7 post-burn. Because of both issues, the closure of the wound area in the experimental group began sooner and there was less surface area for the probiotic bacteria that exert their effects; therefore, in the day 14 post-burn, with respect to the wound healing process, there was no advantage in the experimental group compared to the control ones.
Conclusion
Briefly, the results of the current study showed that L. rhamnosus (ATCC 7469) may accelerate the healing process of burn wound healing at least in middle phases of the process. It seems that the bacterium exerts its effects on the wound healing through the different mechanisms like reducing the inflammatory response and increasing the fibroblast migration and reepithelialization. These results are consistent with the findings of previous research that has shown the positive effects of some strain of probiotic bacteria in these respects. For example, research indicates that some strains of probiotic bacteria have anti-inflammatory properties (18, 6) . Moreover, positive effects of some lactic acid bacteria on the epidermal cells and the fibroblastic migration have been shown by other research (19, 20, 9) . The results of the current study are in line with previous ones which have shown that some strains of probiotic bacteria, when used topically, may exert positive influences on the wound healing process.
For example, in one limited clinical study by Peral et al, epicutaneous application of the Lactobacillus plantarum on the second and third-degree-burn wounds had promising effects on the wound healing (8) . Moreover, the results of other studies on the effects of local application of kefir grains, the mixtures of probiotic organisms, on the skin wounds indicated that kefir grains in addition to prevention of bacterial infection of the wounds may accelerate the healing processes of the wounds (10, 11) . Although, the overall conclusion of the current study is that the topical use of L. rhamnosus (ATCC 7469) on the burn wounds may have some positive effects on the healing processes of the wounds; but, there are some limitations in this study. The main limitation of the experimental results is that the current study conducted on a rat model of burn wounds. As we know, the structure of skin in rat and human have some crucial differences. For example, rat and human skin are different from each other with respect to hair follicle distribution and the presence of cutaneous muscle, panniculus carnosus, in the rats that play a major role in the wound healing process (21). Therefore, in addition to other complementary experimental studies, the effects of the bacterial strain on the wound-healing should be studied clinically on the human volunteer patients with burn-wounds. Thus, there should be many new studies before the use of the strain of bacterium in the treatment of burn wound.
